Abstract Aims-The primary aim was to assess whether there were differences in symptoms, laboratory data, and oesophageal pH-metry between infants with primary gastro-oesophageal reflux and those with reflux secondary to cows' milk protein allergy (CMSPA). Patients and methods-96 infants (mean(SD) age 7.8(2.0) months) with either primary gastro-oesophageal reflux, reflux with CMPA, CMPA only, or none of these (controls) were studied. Symptoms, immunochemical data, and oesophageal pH were compared between the four groups and the effect of a cows' milk protein-free diet on the severity of symptoms was also assessed.
Gastro-oesophageal reflux can be considered a physiological condition in the first 12 months of life.' In some patients, however, gastrooesophageal reflux can cause both oesophagitis 2 and respiratory symptoms 3 and it has been suggested that it may also lead to apnoeic episodes (apparent life threatening events). 4 In order to treat pathological reflux a distinction between primary and secondary forms must be made. It has been suggested that gastrooesophageal reflux can be secondary to food allergy, 5 and in our experience the association between gastro-oesophageal reflux and cows' milk protein allergy (CMPA) is very frequent in infants < 1 year old. 6 We have observed that patients with gastro-oesophageal reflux secondary to CMPA, present a 24 hour pH-metric tracing with a characteristic pattern, and this may help to classify cases as secondary or primary gastro-oesophageal reflux.
The aims of the present study were: (A) to record the frequency of the gastro-oesophageal reflux + CMPA association; (B) to observe eventual differences in the clinical manifestations and laboratory data in patients with gastro-oesophageal reflux + CMPA and in patients with gastro-oesophageal reflux only; (C) to evaluate the pattern of the pH-metric tracing and if it can help in distinguishing between primary gastro-oesophageal reflux and gastro-oesophageal reflux + CMPA; (D) to evaluate the efficacy of a cows' milk proteinfree diet in patients with gastro-oesophageal reflux only and those with gastro-oesophageal reflux + CMPA.
Patients
The total study group included 96 consecutive infants (46 boys, 50 girls), mean (SD) age 7.8 (2.0) months (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , fed with milk formulas containing cows' milk protein, who had been referred to our clinic for observation, and who presented clinical signs or symptoms compatible with a diagnosis of gastrooesophageal reflux and/or CMPA. We therefore considered those subjects with vomiting, regurgitation, retarded growth, anorexia (refusal to feed), prolonged fits of crying, repeated episodes of bronchospasm, sideropenic anaemia (haemoglobin concentration < 90 g/l), apnoeic episodes.
All the patients underwent 24 hour oesophageal pH monitoring and those with gastroenterological symptoms also underwent endoscopy of the upper gastrointestinal tract. All patients were then placed on an elimination diet without cows' milk and its derivates, using a milk formula based on hydrolysed casein, and those patients with improved symptoms on the cows' milk protein-free diet underwent a double blind milk challenge, [6] [7] [8] weeks later. In accordance with the diagnostic criteria for CMPA, an intestinal biopsy at the Treitz ligament was performed both before and 24 hours after the challenge in these patients.
The following patients were considered to have gastro-oesophageal reflux: (A) those with endoscopic evidence of oesophagitis, confirmed histologically by biopsy of the oesophageal mucosa; (B) those where there was a clear link between the observation of the clinical symptom (apnoea or episode of bronchospasm, fits of crying) and an episode of oesophageal reflux recorded during the 24 hour pH monitoring.
Patients were considered to have CMPA if symptoms improved during the cows' milk protein-free diet and cows' milk protein challenge was positive, without considering whether or not there was a coexistent gastrooesophageal reflux. Figure 1 summarises the study design.
On the basis of the endoscopic findings and cows' milk challenges, we were able to classify our patients into four groups: 33 patients ( 18 males, 15 females) with primary gastrooesophageal reflux not associated with CMPA (group 1); 14 patients (seven males, seven females) with gastro-oesophageal reflux associated with CMPA (group 2); 25 patients (11 males, 14 females) with CMPA, without gastro-oesophageal reflux (group 3); and 24 patients (10 males, 14 females) without either gastro-oesophageal reflux or CMPA (group 4). The final diagnosis in patients in group 4 was: coeliac disease (one case), recurrent bronchopneumonia (12 cases), habitual vomiting (six cases), central apnoea (two cases), intermittent stomach volvolus (one case), and cystic fibrosis (two cases).
There was no significant difference between the four groups with respect to age and sex .
At first observation, clinical history was carefully recorded and a scoring system was used to evaluate the severity of the symptoms of the infants admitted to the study, according to our previous studies (see table 1 ). 8 9 The same score was used after six weeks of cows' milk protein-free diet to evaluate the effects of the diet in the patients with gastro-oesophageal reflux + CMPA and those with gastrooesophageal reflux only.
The parents of the patients gave their informed consent on recruitment of the infants to the study; the study was Although a number of patients were admitted to the study for respiratory problems, there was no evidence in the oesophageal pH monitoring to indicate gastro-oesophageal reflux as the cause of the respiratory disorders.
During the cows' milk protein-free diet period, 44 patients showed a clear improvement in symptoms; these patients were recalled after 6-8 weeks and challenged with cows' milk. Clear symptoms of CMPA emerged during the challenge in 39 patients. All of these intestinal biopsy specimens, obtained before the challenge, showed a normal mucosa, while 24 hours after challenge there was a partial atrophy of the intestinal villi with a lymphoplasmacellular infiltration of the lamina propria in 31/39 patients. In none of the five patients with a negative clinical reaction on cows' milk protein challenge was there any damage to the intestinal mucosa. Table 2 shows the clinical symptoms at diagnosis in the patients with gastro-oesophageal reflux only and in those with gastrooesophageal reflux + CMPA. None of the symptoms showed a different frequency in the two groups; however, in 3/14 patients with gastro-oesophageal reflux + CMPA, accurate clinical history revealed concomitant rhinitis or dermatitis. Table 4 shows the main pH-metric indices recorded on first observation. The Mann- Whitney U test did not show any significant difference between the subjects with primary gastro-oesophageal reflux (group 1) and those with gastro-oesophageal reflux secondary to CMPA (group 2) for the pH-metric indices considered. The 24 hour oesophageal pH monitoring, however, showed a typical phasic pH tracing with a progressive fall in pH during the postprandial hours and a steep rise when food was consumed in 36/89 patients. This type of tracing was observed both in patients with a total percentage reflux time above the normal limits reported in the literature 14 and also in patients with a normal total percentage reflux time over the 24 hours. Figure 2A shows an eight hour portion of one of these typical tracings in a patient with a high total percentage reflux time. In the same figure (2B) this is compared with a portion of a tracing that has a completely random distribution of reflux periods. Table 5 shows the number of subjects in each group presenting on diagnosis the characteristic phasic pattern underlined above. The phasic pattern of the tracing appears to be an exclusive feature of the patients with CMPA, whether or not they had gastro-oesophageal reflux disease. In fact, this type of tracing was not observed in any of the non-allergic patients whereas almost all the CMPA patients had the characteristic phasic pattern. The difference in the frequency of the phasic tracing between patients with or without CMPA was highly significant (X2= 21.6, p < 0.0001).
Finally, evaluation of the severity of symptoms, on the basis of the score we elaborated, did not show any significant differences at the start of the study (patients with gastrooesophageal reflux only: range score 7-20, median 14; patients with gastro-oesophageal reflux + CMPA: range score 7-17, median 14). Excluding the three patients on antireflux drug treatment, after six weeks of diet there was a significant improvement in symptoms in the gastro-oesophageal reflux + CMPA patients (range score 0-8, median 4) (p < 0.05 Wilcoxon rank sum test) while there was no improvement in the patients with gastrooesophageal reflux alone (range 6-20, median 14). After the cows' milk protein-free diet, therefore, the severity of symptoms was greater in the gastro-oesophageal reflux only patients than in those with gastro-oesophageal reflux + CMPA (p < 0.05, Mann-Whitney U test).
Discussion
The first basic step to take when deciding the optimum treatment of gastro-oesophageal reflux is to distinguish between cases of primary .0 1 i gastro-oesophageal reflux and gastrooesophageal reflux secondary to other conditions. 5 CMPA is one of the recognised causes of secondary gastro-oesophageal reflux, but to our knowledge there is only one study on three patients regarding the gastro-oesophageal reflux and CMPA association. 15 In our experience gastro-oesophageal reflux secondary to CMPA is very frequent in infants < 1 year old, and it was observed in 85/204 cases previously studied. 6 The present study confirms the high frequency of the gastro-oesophageal reflux + CMPA association, recorded in 14/47 patients with gastro-oesophageal reflux (30% of cases). As the cows' milk protein-free diet alone determines a significant improvement in symptoms in patients with gastro-oesophageal reflux + CMPA, this further supports the hypothesis that the association of these two diseases is not casual, but rather that gastrooesophageal reflux and oesophagitis may be directly dependent on CMPA.
The clinical presentation of patients with gastro-oesophageal reflux + CMPA did not differ from that observed in those with gastrooesophageal reflux only. However it must be stressed that in the gastro-oesophageal reflux + CMPA patient group we observed three subjects with typical CMPA symptoms, such as dermatitis and rhinitis. Immunological data and the analysis of the pH-metric tracing appear to be more useful than clinical history in making a correct diagnosis; in fact in patients with gastro-oesophageal reflux + CMPA we observed a higher, statistically significant frequency of positive immunological tests. Above all, serum concentrations of IgG anti-n lactoglobulin proved to be useful, being raised in 13/14 cases of gastrooesophageal reflux + CMPA, thus confirming the opportunity of using these tests in diagnosing allergic diseases. 6 16 The present study also shows that an examination fundamental for gastro-oesophageal reflux diagnosis, 24 hour oesophageal pH monitoring, is also highly useful in distinguishing between the forms of primary gastrooesophageal reflux and gastro-oesophageal reflux associated with CMPA. In fact, all the patients in whom oesophageal pH gradually decreased between one meal and the next, giving rise to the characteristic phasic pattern, proved to be suffering from CMPA. This typical pattern was not observed in any of the study patients without CMPA. Furthermore, the sensitivity of the analysis of the tracing in the diagnosis of gastro-oesophageal reflux associated with CMPA was also high: 12/14 patients with secondary gastro-oesophageal reflux presented the characteristic phasic tracing. It is important to underline that this phasic pattern was also seen in patients with CMPA but without gastro-oesophageal reflux. In our study population 24/25 patients with CMPA but without oesophagitis had a phasic pattern.
In addition, we confirmed that none of the classic pH-metric indices are useful for distinguishing between cases of primary gastrooesophageal reflux and those of gastrooesophageal reflux secondary to CMPA. 6 15 Many questions remain to be answered, in particular on the physiopathology of antireflux mechanisms in subjects with primary gastrooesophageal reflux and in those with gastrooesophageal reflux secondary to CMPA. It would appear that in patients with gastrooesophageal reflux + CMPA the transitory and inappropriate relaxation of the lower oesophageal sphincter, which is considered to be the main pathogenetic mechanism behind gastro-oesophageal reflux, 17 do not have a fundamental role. In fact, it appears that there is a persistent functional incapacity of the lower oesophageal sphincter, with the result that the intraoesophageal electrode records the progressive postprandial drop in gastric pH.
Further studies using manometry and evaluating gastric emptying would clarify the pathogenesis of gastro-oesophageal reflux secondary to CMPA.
We believe that various useful indications for clinical practice procedure may emerge from this study. It is obvious that in patients with CMPA who do not have gastro-oesophageal reflux-like symptoms, CMPA diagnosis should be made by means of an elimination diet and a successive double blind challenge; there are serious doubts as to the necessity of routinely using intestinal biopsy after cows' milk protein challenge to support the hypersensitivity reaction, according to our experience. In fact, out of 39 cases with a clear and severe clinical reaction to the cows' milk protein challenge, we recorded damage to the intestinal mucosa in only 31 patients (the sensitivity of intestinal biopsy in the diagnosis of CMPA in our study was therefore 79%).
On the other hand, if gastro-oesophageal reflux is one of the possible diagnoses, and thus a 24 hour pH-metry must be performed, the evidence of a typical 'phasic pattern' is an almost absolutely sensitive and specific instrumental index for identifing an association between gastro-oesophageal reflux and CMPA. Furthermore the simple IgG ,B lactoglobulin assay may be used as a test to confirm a suspectedgastro-oesophagealreflux + CMPA association.
In conclusion, this study shows that: (A) during the first 12 months after birth there is a very high incidence of gastro-oesophageal reflux secondary to CMPA; (B) the symptoms of gastro-oesophageal reflux associated with CMPA are the same as those observed in the patients with gastro-oesophageal reflux only, with the exception of a few patients presenting mild typical CMPA manifestations (dermatitis or rhinitis); (C) immunological tests are useful in suspecting an association between gastrooesophageal reflux and CMPA; (D) subjects with gastro-oesophageal reflux secondary to CMPA present a typical pH monitoring tracing pattern, characterised by a progressive, slow decrease in oesophageal pH between feeds; and (E) after a cows' milk protein-free diet there is a significant improvement in symptoms in the gastro-oesophageal reflux + CMPA patients but not in those with gastrooesophageal reflux only.
